A progress report stated that perfused hearts could be maintained over a longer period if vitamin B complex were added to the perfusate. The present study comprises analyses of four of the B vitamins in muscle of control hearts, of hearts perfused with oxygenated Locke's solution and of hearts perfused with the same solution plus dihydropaveril. Statistically significant amounts of B vitamins disappear from the muscle during perfusion in comparison to values for control hearts. P REVIOUSLY, one of us has reported 1 that addition of vitamin B complex to Locke's solution, together with papaverine, greatly extended the time during which a perfused mammalian heart remained in good condition. In experiments when no vitamin was added attempts were made to determine the amounts of vitamin B in the perfusate. This study was discontinued because of difficulties arising from the need for tremendous concentration and because of deterioration of some vitamin B fractions due to exposure to light, the high pH level, increased temperature, possibility of bacterial growth, etc. Information regarding depletion was then sought by analyzing a series of control hearts for the vitamin B content and comparing these amounts with those obtained by analyzing hearts perfused with Locke's solution (pH 7.4, 29 C.) and also hearts perfused with Locke's solution plus 10 ixg./L. dihydropaveril (DHP, Lilly).
A progress report stated that perfused hearts could be maintained over a longer period if vitamin B complex were added to the perfusate. The present study comprises analyses of four of the B vitamins in muscle of control hearts, of hearts perfused with oxygenated Locke's solution and of hearts perfused with the same solution plus dihydropaveril. Statistically significant amounts of B vitamins disappear from the muscle during perfusion in comparison to values for control hearts. P REVIOUSLY, one of us has reported 1 that addition of vitamin B complex to Locke's solution, together with papaverine, greatly extended the time during which a perfused mammalian heart remained in good condition. In experiments when no vitamin was added attempts were made to determine the amounts of vitamin B in the perfusate. This study was discontinued because of difficulties arising from the need for tremendous concentration and because of deterioration of some vitamin B fractions due to exposure to light, the high pH level, increased temperature, possibility of bacterial growth, etc. Information regarding depletion was then sought by analyzing a series of control hearts for the vitamin B content and comparing these amounts with those obtained by analyzing hearts perfused with Locke's solution (pH 7.4, 29 C.) and also hearts perfused with Locke's solution plus 10 ixg./L. dihydropaveril (DHP, Lilly).
METHODS
The Perfusion. Langendorf preparations of canine or feline hearts were set up. In earlier experiments the driving pressure was O2 and was not intermittently applied. In later experiments a pump providing intermittent pressure but constant flow per minute was employed. Locke's solution was led from a 9 L. reservoir through a glass coil which was immersed in a constant temperature bath. The temperature of the bath was set at such a level that fluid delivered to the aorta (after passage through the vinyl plastic tubing of the pump) was at 29 C. The hearts were suspended from a cannula held in fixed position by a clamp thus making it possible to record contraction, on an electrograph (Sanborn-Polyviso, 4 channel) via a strain gage and amplifier. Simultaneous electrocardiograms (3 direct leads, needle electrodes) were also recorded. Room temperature was about 26 C. Some experiments were designed to study the effect of DHP on flow; for these the pump could not be used. Others were designed to study maintenance; these were continued for as many hours as contractions existed. All experiments for vitamin B analysis were of 6 hours duration.
Analytic Methods. To prepare the samples for chemical analysis, the heart tissue was first homogenized with 2 to 3 times its weight of O. L N HC1 in a Waring blendor or in a Virtis homogenize! 1 which became available during the latter part of this work. Each dog heart was homogenized and analyzed as a separate sample while 2 to 6 cat hearts (according to size) were pooled together to obtain enough material for carrying out the analyses of the four B vitamins.
Thiamine. Thiamine was assayed by the thiochrome method. About 20 Gm. of the heart tissue homogenate and 70 ml. of 0.1 X HOI in a 100 ml. volumetric flask were heated in boiling water bath for 30 min. After cooling, 5 ml. of a 6 per cent takadiastase suspension was added and the mixture was incubated at 4S C. for 2 hours. The volume was then made to 100 ml. and filtered. Five milliliters of the filtrate was converted to thiochrome by adding 3 ml. of an alkaline ferricyanide solution followed by immediate extraction with 20 nil. of isobutyl alcohol. To facilitate the extraction, the reaction vessel was shaken for 90 sec. The isobutyl alcohol layer was separated from the aqueous layer by ccntrifugation. The water layer was drawn off and any remaining moisture in the isobutyl alcohol layer was removed by adding 5 Gm. of anhydrous sodium sulfate with shaking. Fluorescence of thiochrome was read with a Feltz and Bauer Fluorophotometer. Fluorescent material other than thiamine in the heart tissue extract was determined in a blank which was treated in a similar manner except that the alkaline ferricyanide solution was replaced by sodium hydroxide without the oxidizing agent. This value was subtracted from the sample readings. Amount of thiamine present was calculated by comparing the readings with those obtained from a standard solution containing a known amount of this vitamin.
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liiboflavin. Riboflavin was also determined fluorometrically. The vitamin was extracted from the heart tissue by autoelaving 7 to S Gm. of the homogenate with 50 ml. of 0.1 N HC1 at 15 pounds pressure for 30 min. Interfering substances were removed first by adding 1 N NaOH to raise the pH value of the extract to 6, which caused precipitation of some of the impurities and then by oxidation with 3 per cent K M n d solution for 2 min. Excess KM11O4 was removed by adding a dilute solution of H 2 O2-The fluorescence was determined with a Feltz and Bauer fluorophotometer. Any remaining fluorescent impurities in the extract were determined by destroying the riboflavin with a few crystals of Na 2 S 2 O 4 and this value was subtracted from the reading of the sample. Riboflavin contents of the samples were calculated from their fluorescence reading by comparing them with the fluorescence of a riboflavin standard solution.
iViacin. Niacin was determined by microbiologic assay with L. arabinosus 17-5 using Difco's dehydrated niacin assay medium (A & B). Niacin in the heart tissue was extracted by autoclaving 6 to 7 Gm. of the homogenatc with 100 ml. of 1 N H 2 SO.t at 15 pounds pressure for 30 min. It was then neutralized with 1 N NaOH and diluted to a concentration of 0.1 to 0.2 /ig./ml. One-half, 1, 2, and 3 ml. of this diluted solution were added respectively to four test tubes each containing 5 ml. of dehydrated niacin assay medium. Water was added to each tube to make up the volume to 10 ml. These tubes were sterilized, inoculated and incubated at 37 C. After 20 hours of incubation the growth response of L. arabinosus was measured by turbidimetry with an Evelyn colorimeter using filter number 620. A standard growth curve was prepared simultaneously along with each assay from a scries of tubes each containing 5 ml. of the dehydrated assay medium and a known amount of niacin ranging from 0.05 to 0.35 /jg. per tube. According to the growth response in each sample tube, its niacin content was directly read from the standard curve.
Folic Acid. Folio acid was determined microbiologically with L. casei (AATC 74G9) using Difco's dehydrated assay medium for folic acid (A & B). 3-4 Gm. of heart tissue homogenate was heated with 5 ml. of f{, M phosphate buffer in a boiling water bath for 5 min. After cooling, 20 mg. of dehydrated chicken pancreas was added and the tubes were incubated at 37 C for 24 hours. The volume was made to 100 ml. and filtered. The filtrate was diluted to a concentration of approximately 0.2 rnjug. folic acid/ ml. The assay of folic acid was carried out on the diluted filtrate similar to the procedure described above for niacin. The micro-organism vised in this case is L. casei. The standard growth curve of folic acid was constructed with a series of tubes containing a known amount of folic acid ranging from 0 to 100 ni/ug. per tube. 
RESULTS
Physiologic. Hearts perfused with the pump, where the pressure is intermittent, contract for longer times than those where the perfusion pressure is not intermittent. Mammalian hearts perfused by Locke's solution become increasingly irritable, premature beats occur, and ventricular fibrillation often supervenes. Frequently contractions are forceful up to the moment of fibrillation. In a control series the initial rate was 84 and that preceding fibrillation was 67 (a decrease of 20 per cent). In the same series the initial amplitude of contraction recorded by the strain gage was 205 of the millimeter spaces on the ECG paper, while that just preceding fibrillation was 276 such spaces (an increase of 34.6 per cent). Where DHP (10 jtg./L.) was added to the perfusate the initial heart rate was 114 and the final 68 (a decrease of 40 per cent). The amplitude decreased from 350 to 71 (80 per cent). When papaverine (10 /ug./L.) was added to the perfusate the rate decreased from 129 to 88 (32 per cent) and the amplitude from 213 to 16 mm. (92.5 per cent). Thus in the control series the mechanism of failure is different from that where antiarrhythmic drugs are employed for in the control series ventricular fibrillation 2 shows that the four vitamins studied, thiamine, riboflavin, niacin and folic acid are reduced during a 6 hour perfusion and that these reductions are statistically significant. Although some arithmetic averages were higher when dihydropapaveril was added to the perfusion fluid, the differences between hearts perfused with and without this drug did not prove to be statistically significant.
DISCUSSION
Williams and co-workers, 2 found nicotinic acid, riboflavin, pantothenic acid, thiamine and folic acid in the nucleus and inositol and biotin in the cytoplasm of heart muscle. Dounce, 3 quoting the work of Pollister and Leuchtenberger, makes frequent mention of loss of protein substances especially from the nuclei when cells are washed. Knowing that B vitamins are water soluble, it is not surprising that the} r wash out. The question whether the washout of vitamins has reduced them to a critical level for interference with oxidative metabolism is difficult to answer owing to the apparent lack of data on critical levels for cats and dogs. Olson 4 found thiamine in duck ventricles to have a mean value of 5.44 db .94 (pair-fed controls) and of G.S5 ± 1.38 (controls fed ad lib) /xg./Gm. wet weight of tissue. Ducks made sick by a thiamine deficient diet had a cardiac content of 1 .SO ± .18 (range 1.15-2.58) Mg-/C,m. If the levels established for ducks prevail for dogs and cats, then it would appear that for perfused hearts of cats and hearts of sick dogs the amounts found represent the critical level of depletion. Amounts for perfused dog hearts are higher, and, lacking a standard for dogs, one cannot: say whether a depletion great enough to affect metabolism was reached. We have no knowledge of past history of our cats and dogs, hence we can only note that the thiamine level for "normal" cats is low, compared to that for Olson's ducks and for our dogs. It may be that the lesser significance (p about 0.1) for thiamine level in perfused cat hearts compared to control values is due to a depleted level in the controls. Twenty-six hearts (of control cats or kittens) were studied; four pools, two of 5 each during the winter, and two of 8 each in midJuly. The thiamine levels for the four groups were 1.82, 1.37, 2,83, and 2.98 Mg./Gm. of tissue. It therefore seems highly probable, if not crucially demonstrated, that these depletions may be sufficiently great to interfere with metabolism. Indeed, the fact that addition of B complex to the perfusion fluid causes a great increase in maintenance time adds force to this suggestion.
SUMMARY
Hearts of very ill dogs (anorrhexia, emaciation, diarrhea) showed very low levels of vitamin Bi but the other vitamin B fractions were not reduced. Hearts of well dogs contained more vitamin B L than those of cats. Riboflavin, niacin and folic acid were present in approximately similar amounts. Arithmetical averages indicate that all four fractions studied washed out during a 6 hour perfusion. The loss was greatest for niacin in both species.
In dogs, the difference of control and perfusion averages was significant for thiamine (p < .01), riboflavin (p < .01) and niacin (p < .01), but not for folic acid (p = 0.05). In cats the difference between thiamine level in control and perfused hearts was questionably significant (p < .1 but > .05). The difference in riboflavin level (control vs. perfused) was possibly significant (p < .02), for niacin, very significant (p < .01) and for folic acid likewise significant (p < .01).
When dihydropaveril (DHP) was added to the fluid perfusing dog heart, the average value of thiamine somewhat increased over that for simple perfusion. This difference did not prove significant. No such suggestive reduction in wash out clue to DHP was found in the case of riboflavin, niacin or folic acid.
These data establish that at least four B vitamins do wash out of hearts perfused by Locke's solution and that the amounts of loss are statistically significant except for folic acid in dogs and for thiamine in cats where the significance is merely probable.
SUMMAKIO IN X INTBRHNGUA
Le cordes de maladissime canes (anorexia, emaciation, diarrhea) monstrava multo basse nivellos de vitamina Bi, sed le altere fractiones de vitamina B non esseva reducite. Le cordes de canes normal contineva plus vitamina Bi que le cordes de cattos normal. Riboflavina, niacina, e acido folic esseva presente in approximativemente equal quantitates. Le valores medie arithmetic del quatro fractiones studiate indica que omnes es eluite in le curso de 6 horas de perfusion. In ambe species-canes e cattosle perdita esseva le plus grande pro niacina.
In canes le differentia inter le valores medie de controlo e in perfusion esseva significative pro thiamina (p < 0,01), riboflavina (p < 0,01), e niacina (p < 0,01) sed non proacido folic (p = 0,05). In cattos le differentia inter le nivellos de controlo e in perfusion esseva de signification dubitose pro thiamina (p < 0,1 sed >0,05). Iste differentia esseva possibilemente significative pro riboflavina (p < 0.02), multo significative pro niacina (p < 0,01), e equalmente significative pro acido folic (p < 0,01).
Quando dihydropaveril (DHP) esseva addite al fluido usate in perfunder le cordes de canes, le valor medie de thiamina se augmentava alique in comparation con le valores in perfusion simple. Iste differentia non se provava statisticamente significative. Nulle tal tracia de un reducite elution causate per DHP esseva constatate pro riboflavina, niacina, o acido folic.
Iste datos establi que al minus quatro del vitaminas B es eluite ab cordes perfundite per le solution de Locke e que le nivellos del perditas es statisticamente significative, excepte pro acido folic in canes e pro thiamina in cattos (ubi le signification es solmente probabile).
